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Speech Recognition in Noise and ReverberationSpeech Recognition in Noise and Reverberation

• Primary complaint expressed by hearing-impaired and 
elderly patients

• Important for machine recognition (ASR)



Noisy, Reverberant Speech: DemoNoisy, Reverberant Speech: Demo



Goal: Improve SpeechGoal: Improve Speech--toto--Noise RatioNoise Ratio

• Signal Processing (e.g., noise reduction algorithms)

• New Technologies (e.g., directional microphones)

•• Speechreading and AuditorySpeechreading and Auditory--Visual IntegrationVisual Integration



AuditoryAuditory--Visual vs. Audio Speech RecognitionVisual vs. Audio Speech Recognition
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improvement in intelligibility for NH subjects  
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Spectral InteractionsSpectral Interactions
AudioAudio--visual benefit depends on the spectral locus of the visual benefit depends on the spectral locus of the 
acoustic signalacoustic signal

• AV Benefit is determined primarily by redundancy 
between acoustic and visual information

• Redundancy can be estimated by information 
transmission



AuditoryAuditory--Visual Spectral Interactions: ConsonantsVisual Spectral Interactions: Consonants
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Speechreading + Speech Envelope BandsSpeechreading + Speech Envelope Bands
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Redundancy Hypothesis – Modeling Results
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Spectral Interactions Spectral Interactions -- SummarySummary
•• Speechreading provides information mostly about placeSpeechreading provides information mostly about place--ofof--

articulationarticulation



Spectral Interactions Spectral Interactions -- SummarySummary
• Speechreading provides information mostly about place-

of-articulation

•• AuditoryAuditory--visual speech recognition is determined primarily visual speech recognition is determined primarily 
by complementary cues between visual and auditory by complementary cues between visual and auditory 
modalitiesmodalities



Spectral Interactions Spectral Interactions -- SummarySummary
• Speechreading provides information mostly about place-

of-articulation

• Auditory-visual speech recognition is determined 
primarily by complementary cues between visual and 
auditory modalities

•• The most intelligible auditory speech signals do not The most intelligible auditory speech signals do not 
necessarily result in the most intelligible auditorynecessarily result in the most intelligible auditory--visual visual 
speech signalspeech signal



Spectral Interactions Spectral Interactions -- SummarySummary
• Speechreading provides information mostly about place-

of-articulation

• Auditory-visual speech recognition is determined 
primarily by complementary cues between visual and 
auditory modalities

• The most intelligible auditory speech signals do not 
necessarily result in the most intelligible auditory-visual 
speech signal

•• Acoustic cues for voicing and mannerAcoustic cues for voicing and manner--or articulation are or articulation are 
the best supplements to speechreadingthe best supplements to speechreading



Spectral Interactions Spectral Interactions -- SummarySummary
• Speechreading provides information mostly about place-

of-articulation

• Auditory-visual speech recognition is determined 
primarily by complementary cues between visual and 
auditory modalities

• The most intelligible auditory speech signals do not 
necessarily result in the most intelligible auditory-visual 
speech signal

• Acoustic cues for voicing and manner-or articulation are 
the best supplements to speechreading

•• These cues tend to be low frequencyThese cues tend to be low frequency



Temporal Window for A and AV IntegrationTemporal Window for A and AV Integration



AUDIOAUDIO--ALONE ALONE 
EXPERIMENTSEXPERIMENTS



Word Intelligibility Word Intelligibility -- Single and Multiple SlitsSingle and Multiple Slits
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From Greenberg, Arai, and Silipo (1998). Proc. 
ICSLP, Sydney, Dec. 1-4.



Slit Asynchrony Affects IntelligibilitySlit Asynchrony Affects Intelligibility
Desynchronizing the slits by more than 25 ms results in a significant 

decline in intelligibility
The effect of asynchrony on intelligibility is relatively symmetrical

From Greenberg, Arai, and Silipo 
(1998). Proc. ICSLP, Sydney, 
Dec. 1-4.



CrossCross--Spectral Temporal Asynchrony EffectsSpectral Temporal Asynchrony Effects
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AUDITORYAUDITORY--VISUAL VISUAL 
EXPERIMENTSEXPERIMENTS



AuditoryAuditory--Visual TasksVisual Tasks
IEEE Sentences

• Recognition of key words
• Audio slits 1 + 4
• Video presented at various temporal asynchronies

CV Syllables
• Recognition of McGurk pairs

• Audio /pa/, /ba/, /ta/, /da/
• Video /ka/, /ga/, /ta/, /da/

• Synchrony identification and discrimination
• Yes/No single interval simultaneity judgments
• congruent versus incongruent tokens



AuditoryAuditory--Visual Asynchrony Visual Asynchrony -- ParadigmParadigm



CrossCross--Modality Temporal Asynchrony Effects: SentencesModality Temporal Asynchrony Effects: Sentences
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McGurkMcGurk Synchrony ParadigmSynchrony Paradigm



Temporal Integration in theTemporal Integration in the McGurkMcGurk EffectEffect
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Synchrony Identification Synchrony Identification -- Natural vs.Natural vs. McGurkMcGurk AV TokensAV Tokens
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Temporal Window of IntegrationTemporal Window of Integration
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SpectroSpectro--Temporal Integration: SummaryTemporal Integration: Summary
Within Modality (CrossWithin Modality (Cross-- Spectral Auditory Integration)Spectral Auditory Integration)

• TWI is symmetrical
• TWI roughly 20-40 ms (phoneme?)

Across Modality (CrossAcross Modality (Cross--Modal AV Integration)Modal AV Integration)
• TWI is highly asymmetrical favoring visual 

leads
• TWI is roughly 160-250 ms (syllable?)
• TWI for Incongruent CV's (McGurk Stimuli) is 

not as wide as TWI for natural congruent CV's



AuditoryAuditory--Visual Speech Perception LaboratoryVisual Speech Perception Laboratory
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